In this experimental study, the machining parameters, tool electrode, current, pulse on time, pulse of time, wire feed and wire tension has been studied using Inconel-625 as work piece in Wire electrical discharge machining (WEDM).
INTRODUCTION
In industries now days, the production of complex structures has become challenging. In order to achieve these requirements the non-conventional techniques are being used, one of them is WEDM. The non-conventional technique has the advantages of improving the tool life, perform accurate and precise machining operations and produce less noise. The advancement of technology requires more advanced material to fulfil the needs. Inconel 625 is a super alloy which possesses high strength, resistance to elevated temperatures, protection against corrosion and oxidation. This advanced material is useful in shipping, automotive components manufacturing, defence industries, etc. Investigation has been done for improving the tool life using cryogenic cooling. The tool had been modified to apply liquid nitrogen directly to the machining zone. The application of the cryogenic cooling, was found to be more effective at higher cutting speed and for static mechanical properties [1] [2] . Investigation of machining performance of cryogenically treated electrodes in electric discharge machining was carried out. From the study, it was observed that there is a significant reduction in tool wear rate of cryogenic treated tool electrode [3] [4] . Yildiz et al. investigated the effect of cold and cryogenic treatments on the machinability of Berylliumcopper alloy. The Beryllium-copper alloy was treated to a round -150 °F and for cold treatment around -300 °F.
From the experimental results, it was concluded that 20-30% increment was there in MRR of cold and cryogenic treated work pieces [5] . Shane Y. Hong et al. reported new approaches for improvement of tool life which is the major constraint of economical point of view for industry. This approach uses a minimum amount of liquid nitrogen injected through a micro-nozzle formed between the chip preacher and the tool rake and assisted by the necessary nozzle for flank cooling. By experiments, it was proved that the cryogenic process improved tool life by other heat treatment process [6] . The comparisonbetweenthe performance of sintered Cu-Tic electrode tip and conventional copper electrode tip was analysed in ultra-sonic assisted cryogenically cooled electrical discharge machining (UACEDM). It was found that the electrode wear ratio, surface roughness and out of roundness to be lower in UACEDM than conventional electrode. [7] . Vinod et al. conducted an experiment to study the performance of aluminium, silicon carbide material under conventional electrode and cryogenically cooled electrode. The electrode was modified so that it allowed liquid nitrogen to flow from the lower part to the upper part. Taguchi L18 mixed orthogonal array was used for experimental investigation. It was combined with grey relational analysis for optimization of the process parameters of EW, MRR and SR. Analysis of variance (ANOVA) were performed to determine the optimal parameter level. It was concluded that average surface was improved in liquid nitrogen cooling of the electrode [8] . Experimental study has been done to investigate the influence of process parameters for MRR, SR, Kerf, over cut and corner accuracy by machining of advanced materials by using Taguchi and ANOVA method [9] [10] [11] [12] .
EXPERIMENTAL WORK
The experimental work was performed on WEDM (Electronica spring cut 734) electronica machine tools Ltd. The WEDM machining set-up shown in Figure 1 .
Work Piece and Tool Material Figure 1: WEDM Machining Setup
The Inconel 625 has been used as a work piece material in the experimental work. Inconel 625 is a nickel-based super alloy that possesses high strength properties and resistance to higher temperatures. It also reveals remarkable protection against corrosion and oxidation. Its capability to withstand high stress and a wide range of temperatures, both in and out of water, as well as being competent to resist erosion while being exposed to highly acidic atmospheres makes it a suitablefor nuclear and marine applications. For current experimental work, the size of the work piece is 150*100mm and thickness of the work piece is 3mm. Table 1 shows the chemical structure of Inconel 625. Zinc coated wire (plain and cryogenic) has been used as a tool electrode for an experimental work. The diameter of the tool electrode was 0.25mm. Zinc metal has various features that make it a compatible corrosion protective coating for ferrous and nonferrous material. Zinc's superb corrosion resistance in most environments is for its effective use as a curing coating on a variety of products. The applications are galvanization, mechanical painting, zinc rich paints, sherardizing and electro galvanizing.
CRYOGENIC TREATMENT
In the current study, plain zinc coated wire and cryogenic treated zinc coated wire were considered as tool electrode. Cryogenic treatment is a process, in which the work piece is treated below -190°C to -200°C (cryogenic temperature). This helps in eliminating the residual stressesand helps in improving the mechanical properties such as improved wear resistance, electrical and thermal properties, and dimensional stability. It also expands the metallurgical properties, such as increase carbide formation and amount of retained austenite is reduced. Figure 2 shows the cryogenic process cycle and table 2 represent the processes of cryogenic cycle.
Table 2
A-B Ramp Down 
Experimental Design
In the Taguchi method, two different methods are used to carry out the complete analysis. First, being standard approach, where, the results of a single run are processed through ANOVA analysis. The second method, which Taguchi strongly recommends for multiple runs, is to use the S/N ratio for the same steps in the analysis. The S/N ratio is a simultaneous quality metric, linked to the loss function. To study the comparative influence of machining parameters on response parameters, the analysis of S/N ratio and ANOVA were carried out. The S/N ratio features can be divided in the three categories, "larger is better", "smaller is better", "normal is better". For MRR, six process parameters were selected for "larger is better" and for SR, "smaller is better" were selected for obtaining the optimum machining parameters.
According to the DOE (design of experiments), the respective S/N ratio was tabulated with respect to different outputs.
Larger is better 
RESULTS AND DISCUSSIONS

For MRR
The results obtained from the Taguchi method are plotted in the Figure 5 . From the figure, it can be observed that the MRR increases as increase current intensity. This may be due to reason that, high conductivity wire gives more energy to the processes additional to energy promoter and more electron emission. The temperature of the wire drops due to less resistance. Now from the table, we also observe that MRR increases as we increase the pulse of time and wire feed. The wire tension does not have any significant effect on MRR (13, 15). Table 5 shows the response table for signal to noise ratio, gives the information of the rankings according to the most significant parameters. It was observed that current is the most significant value, followed by Ton, wire feed, tool electrode, pulse of time and wire tension. Table 6 shows the calculated P-values of the ANOVA to find out the significances of the parameters in WEDM for V groove profile. The values of 'P', less than 0.05 indicate that these parameters have exposed major effect during the experiments. 
For SR
The S/N ratios of the experimental results are given in the response table 7. Figure 6 represents the main effect plot showing the effect of process parameters on the response of SR. Surface roughness initially, increase and then decreases with an increase in current. This happens because of each spark during cutting process a tiny volume of material is vaporized, which leave a cavity on work surface. The smoothness of machined surface depends on the depth of the cavity produced during a series of spark. The depth and size of this cavity depend on the intensity of the spark and the intensity of spark depends on current. Hence, we increase the current the surface roughness gradually decrease. [14] 
CONCLUSIONS
In current work, WEDM with cryogenic treated tool electrode has been successfully performed on incognel-625 work piece material. The effect of process parameters that is tool electrode (plain and cryogenic), current, Ton, Toff, wire feed and wire tension on responses, that is MRRand SR has been investigated. Following are the conclusions:
• Results show that cryogenic tool electrode, pulse on time, wire feed and pulse off time are significant parameters for MRR and SR. Wire tension does not show any major effect on the process parameters.
• Experimental study shows that for MRR, A2-B3-C2-D1-E3-F1are the optimal values, which gives the better results. For SR, A1-B3-C3-D1-E1-F1is the optimal value, which gives the better results. The improved MRR and SR were 8.48% and 11.43 %, respectively based on optimal setting of input parameters for responses, MRR and SR, lies between the calculated confidence interval.
• Regression equation has been effectedand found to develop the mathematical models for process parameters, and confirmation test has been performed for validation of results.
• In the future, the work can be extended to the discussion of the wire wear rate, dimensional accuracy, and surface integrity of other heat treatment process during machining of the other tool electrode and advanced material by different non-conventional machining techniques.
